Background: Tinnitus occurs in a large part of the general population with prevalences ranging from 10% to 15% in an adult population. One subtype is cervicogenic somatic tinnitus, arising from cervical spine dysfunctions, justifying cervical spine assessment and treatment. This study aims to investigate the effect of a standardized physical therapy treatment, directed to the cervical spine, on tinnitus. Additionally, a second aim is to identify a subgroup within the tinnitus population that benefits from physical therapy treatment. Methods and design: This study is designed as a randomized controlled trial with delayed treatment design. Patients with severe subjective tinnitus (Tinnitus Functional Index (TFI) between 25 and 90 points), in combination with neck complaints (Neck Bournemouth Questionnaire (NBQ) >14 points) will be recruited from the University Hospital of Antwerp. Patients suffering from tinnitus with clear otological etiologies, severe depression, traumatic cervical spine injury, tumors, cervical spine surgery, or conditions in which physical therapy is contra-indicated, will be excluded. After screening for eligibility, baseline data such as TFI, NBQ, and a set of cervical biomechanical and sensorimotor tests will be collected. Patients are randomized in an immediate therapy group and in a group with a delayed start of therapy by 6 weeks. Patients will receive physical therapy with a maximum of 12 sessions of 30 min for a 6-week program. Data from the TFI and NBQ will be collected at baseline (week 0), at the start of therapy (weeks 0 or 6), at the end of therapy (weeks 6 or 12), 6 weeks after therapy (weeks 12 or 18), and 3 months after therapy (weeks 18 or 24). Secondary outcome measures will be collected at baseline and 6 weeks after the therapy (weeks 12 or 18), as the maximal therapy effect on the cervical spine dysfunctions is expected at that moment.
Background
Tinnitus is the phantom sensation of sound, in the absence of overt acoustic stimulation [1] . It occurs in 10% to 15% of the adult population [2] .
Tinnitus can be related to many different etiologies such as hearing loss, a noise trauma, or the tinnitus may be related to the somatic system of the cervical spine or the temporomandibular area [2] .
This study will focus on physical therapy treatment for patients suffering from chronic non-fluctuating subjective cervicogenic somatic tinnitus (CST).
The existence of a link between the cervical spine and tinnitus can be assumed based on several prior studies. Connections between the dorsal column of the spinal cord and the cochlear nuclei (CN) have been found in several animal studies [3, 4] . These axons of the dorsal column originate from the C1-C8 dorsal roots of the spinal cord. In particular, stimulation of the C2 dorsal root ganglion generates responses from cells in the CN [5] . Additionally, Matsushima et al. [6] demonstrated that tinnitus improved in 52% of the patients after an occipital nerve block. Other recent studies in humans found that in some patients tinnitus could be evoked or modulated by input from the somatic system, for instance by forceful muscle contractions of the head, neck, and limbs, and pressure on myofacial triggerpoints [7] [8] [9] [10] . These findings might explain the ability of some tinnitus patients to modulate their tinnitus by certain head or neck movements. For example, some patients indicate that their tinnitus worsens when performing a combined cervical spine extension and rotation.
Several research groups have investigated the effect of cervical spine treatments on CST [11, 12] . Regarding physical therapy treatments, few scientific data are available. Sanchez et al. [11] reviewed five case reports in which cervical spine mobilizations and stretching of suboccipital muscles could decrease the intensity of the tinnitus in five patients. Latifpour et al. [12] showed in a randomized controlled trial (RCT) of 13 tinnitus patients and 11 controls, a greater improvement in tinnitus loudness after application of stretching, posture exercises, and acupuncture compared to controls (P >0.001).
Although only case reports and one RCT are reported, the ability of physical therapy treatment directed to the cervical spine to reduce the tinnitus seems promising.
Consequently, the aim of this study is to investigate the effect of a standardized physical therapy treatment program directed to the cervical spine, on several tinnitus and neck related parameters. Additionally, a second aim is to identify a subgroup within the tinnitus population that benefits from the physical therapy treatment.
Methods

Patients
Patients will be recruited from the University Hospital of Antwerp by otolaryngologists at their tertiary tinnitus clinic.
During this consult, patients will be thoroughly tested to exclude any objective causes of the tinnitus. Patients will be included when suffering from severe chronic non-fluctuating subjective CST, which has been stable for at least 3 months, combined with neck complaints. The severity of the tinnitus will be evaluated using the Tinnitus Functional Index (TFI) [13] . Severe tinnitus is defined as a score between 25 and 90 on the TFI [13] . The presence of a significant neck complaint will be objectified using the 14 points cutoff point of the Neck Bournemouth Questionnaire (NBQ) [14, 15] . Patients will be excluded when suffering from objective tinnitus, subjective tinnitus with etiologies, such as hearing loss or Meniere's disease, severe depression (diagnosed by a psychologist), progressive middle ear pathology, intracranial pathology, traumatic cervical spine injury, tumors, cervical spine surgery, or any cervical spine condition in which physical therapy treatment is contra-indicated. Given the treatment that is studied, patients will also be excluded if they received physical therapy treatment directed to the cervical spine in the past 2 months.
Study design
This study is designed as an RCT to evaluate the effectiveness of a standardized cervical spine treatment on tinnitus and neck-related parameters in patients suffering from CST. A delayed treatment design ( Figure 1 ) will be used to create a waiting list to obtain the data for the control group [16] . At baseline, patients are randomly assigned by the responsible researcher to receive immediate treatment or to the waiting list. In part 1, the immediate treatment group receives the cervical spine treatment for 6 weeks. In part 2, the patients on the waiting list receive cervical spine treatment for the next 6 weeks. The immediate treatment group now enters a 6-week follow-up period. In part 3, all patients enter a follow-up period which ends 12 weeks after the last treatment session.
A pilot study was used for calculating the sample size needed and to optimize the inclusion as well as the follow-up measuring procedure.
The results of the trial will be reported according to the CONSORT guidelines.
Randomization procedure
After the baseline measurements, the patients are randomized into the immediate treatment group or into the waiting list in a 1:1 ratio based on a block randomization with variable block lengths. The responsible researcher generated a randomization list with Microsoft Excel® software (version 14.3.5, 2010 © Microsoft Corporation). The randomization list is only accessible for the responsible researcher.
Ethical approval and consent
Ethical approval was obtained from the ethics committee of the University Hospital of Antwerp (reference number: B300201421113). The names of all ethical bodies that approved the study can be found in the additional file. Informed consent is obtained for all patients. The trial is currently in the recruitment phase.
Outcome measures
The primary outcome measures are the TFI [13] and NBQ [14] .
The TFI focuses on eight different domains: the unpleasantness of the tinnitus; reduced sense of control; cognitive interference; sleep disturbance; auditory difficulties attributed to the tinnitus; interference with relaxation; reduction in quality of life; and emotional distress. The test-retest reliability of the TFI is good (r: 0.78). The convergent validity with the Tinnitus Handicap Inventory (r: 0.86) and Visual Analogue Scale (r: 0.75) is good, as well as the discriminant validity with the Beck Depression Inventory-Primary Care (r: 0.56). The clinically relevant reduction was a 13-point reduction.
The pilot study showed that the studied treatment had most influence on the 'reduced sense of control' and 'interference with relaxation' subscales. Consequently, special attention to these subscales will be paid.
The secondary outcome measures will be the NBQ, a set of different biomechanical and sensorimotor neck parameters and the tinnitus loudness.
The NBQ [14] consists of seven questions on the severity of the neck complaint and its interference with the patient's wellbeing and professional and daily activities. The test-retest reliability of the NBQ is moderate (ICC: 0.65).
The construct validity was acceptable with both the Neck Disability Index (r: 0.50) and the Copenhagen Neck Functional Index (r: 0.44). The effect size was found to be high (Cohen's d: 1.67), which indicates that the NBQ is highly responsive to changes in cervical spine complaints.
For measuring the biomechanical and sensorimotor neck parameters, the cervical spine mobility will first be investigated in the three cardinal planes.
The range of motion (ROM) is registered using a VICON® measuring device. This device uses the reflection of ultraviolet light on applied markers to perform a 3D movement analysis. The mean absolute error of this measuring device in dynamic conditions is 0.48°(SD 0.05°).
Second, the sensorimotor control of the cervical spine will be measured using the head repositioning accuracy (HRA) to the neutral head position and the continuous linear movement test (CLMT). The HRA measurement will be executed as described by Revel et al. [17] in 1991. The VICON® will be used to register the joint position errors.
The continuous linear movement test (CLMT), as described by Sjolander et al. [18] , will be used to objectify the movement speed, acceleration, and Jerk index using the VICON® data. Special attention will be paid to the movement speed and acceleration, as these parameters have proven to have good test-retest reliability [19] .
Third, a set of tests will be executed to objectify the impairments in cervical spine mobility and muscle function. This set of tests includes a manual investigation of the cervical spine, tenderness of trigger points, and a strength and endurance test of the deep neck flexor muscles [20] . The manual investigation consists of a manual rotation test and adapted Spurling test [15] , and a flexion rotation test evaluating the upper cervical spine rotation mobility [21]. The tenderness of 16 trigger points, is investigated by applying manual pressure [22] . The strength and endurance of the deep neck flexor muscles is objectified using the craniocervical flexion test [20] .
All outcome measures will be documented at baseline and at 12 weeks. The primary outcome measures will additionally be documented at 6 and 18 weeks.
Intervention
The intervention, a physical therapy treatment directed to the cervical spine, consists of a multimodal care containing manual mobilizations, exercise therapy, and home exercises. This multimodal physical therapy treatment is based on recent insights of cervical spine therapy [23] [24] [25] . Additionally, patients are instructed to perform exercises at home. For these exercises, a booklet established by Castien et al. [26] was adjusted for the tinnitus patients, implementing exercises for the deep neck flexor muscles (Figures 2 and 3) [27] and self-mobilizing exercises [28] .
Treatment will be applied by a selected group of physical therapists that all obtained a master's degree in physical therapy and an additional master's degree in manual therapy. Moreover, they all participated in a training session organized by the research group. During this training session, the treatment protocol was discussed and trained. Patients included in the trial will be referred for treatment to one of the selected therapists (guided referral). The treatment protocol provides a maximum of 12 standardized physical therapy treatment sessions. The therapists are free to adapt the mobilization techniques and exercises to the current situation of the patient. The therapist registers all performed techniques and exercises.
Sample size and power
The sample size was calculated using Medcalc (Medcalc Software bvba.). This calculation was based on data of the primary outcome measure, obtained in a pilot study of 14 patients. Sample size calculation was performed for the clinically relevant change of 13 points in TFI score. The sample size was calculated for the study to have 80% power to reject the null hypothesis (H 0 ). The type I error probability, associated with this test, is 0.05. To achieve the 80% power, 17 patients are needed in each group.
The primary analysis population is the intention-totreat population. This population includes all randomized patients who provided baseline data, regardless of whether or not they adhere to the complete protocol.
Statistics
The primary statistical hypotheses are: Change in NBQ-baseline to NBQ-6 weeks (treated) = Change in NBQ-baseline to NBQ-6 weeks (waiting list)
The primary outcome is a change in the scores on the TFI and NBQ after 6 weeks. The mean change in TFI and NBQ-baseline and TFI and NBQ 6-week follow-up scores will be calculated.
This mean change in TFI and NBQ scores of the treated group will be compared to the mean change in TFI and NBQ scores of the waiting list group.
A repeated measures ANOVA and post hoc tests will be used to compare the mean changes of the treatment and waiting list population at 6 weeks and secondary at baseline, 12, and 18 weeks follow-up.
Discussion
The aim of this study is to investigate the effect of a standardized physical therapy treatment protocol on several tinnitus and neck-related parameters. Currently, only five case studies and one RCT have studied the effect of physical therapy on somatic tinnitus. Additional RCTs of good quality are therefore needed to verify the effect of physical therapy on somatic tinnitus.
Studies investigating the effect of physical therapy treatment on somatic tinnitus mainly focus on a limited number of treatment modalities. For example, Alcantara et al. [29] and Kessinger et al. [30] focus on manipulations of the cervical spine in individual case studies. Recent studies concerning physical therapy treatment programs directed to the cervical spine, however, indicate that a multimodal treatment, combining mobilization or manipulation and exercise therapy, has better results than a treatment that merely focuses on mobilizations or manipulations [23] [24] [25] 31] .
In this rationale, we decided to use a multimodal treatment in the current study, especially since a prior study from our research group showed a combination of dysfunctions in several structures of the cervical spine in CST patients. These results add to the prospect of a positive effect of a multimodal treatment, since this is directed to multiple dysfunctions at once.
In the current study, all therapists will adjust the treatment modalities to the needs of the individual patient. This pragmatic aspect was chosen to investigate the physical therapy treatment in the full spectrum of everyday clinical settings in order to maximize the applicability and generalizability [32] . This study will need 40 patients with severe tinnitus, also complaining from cervical spine problems. This amount seems feasible, considering the fact that 100 tinnitus patients could be recruited in 6 months in the same setting last year.
The somatic tinnitus population is frequently described as tinnitus that can be modulated by forceful muscle contractions of the head, neck, or limbs [7] , or pressure on myofascial trigger points [10] . Based on previous research by Levine et al. [7] and Rocha et al. [10] , the inclusion should be limited to the patients who can modulate their tinnitus. As, before inclusion, all objective causes of tinnitus are excluded, we chose to include all patients with a combination of severe subjective tinnitus and neck complaints in order to include all patients who can potentially benefit from our treatment. The patient's ability to modulate the tinnitus is registered and will be taken into account in the post-treatment analysis.
A control group, receiving no treatment at all, cannot be used in our tertiary referral center due to ethical considerations. Instead, we will use a delayed treatment design to collect the data for the control group. In this type of design, one group of patients will be treated immediately, while the other group will be on the waiting list for 6 weeks and will be treated afterwards.
The pilot study showed that physical therapy treatment has an effect on the TFI scores. Changes in total TFI score however are small. When looking at the different subscales, the largest effect can be noted in the 'reduced sense of control' and 'interference with relaxation' subscales. To a lesser extent, a change could be noted in the 'cognitive interference' subscale. The physical therapy treatment appeared to have little effect on the 'unpleasantness of the tinnitus' , 'sleep disturbance' , 'auditory difficulties attributed to the tinnitus' , 'reduction in quality of life' , and 'emotional distress'. Taking into account the content and goals of a physical therapy treatment, the lack of effect on the 'auditory difficulties attributed to the tinnitus' seems expectable. Likewise, for a larger effect on the coping related subscales, such as 'reduction in quality of life' , 'emotional distress' , and 'unpleasantness of the tinnitus' , a more psychosocial treatment approach would be necessary.
This study is the first to investigate the effect of a standardized physical therapy treatment protocol on somatic tinnitus with a prospective comparative delayed design and with blinded evaluator for baseline, end of therapy, and 6 and 12 weeks after therapy.
Consent
Written informed consent was obtained from the patient for publication of this manuscript and accompanying images. A copy of the written consent is available for review by the Editor-in-Chief of this journal.
Trial status
The study is in the recruitment phase. 
